The ts lesion of the fowl plague virus (FPV) mutants ts ~8 and ts 236 has been located in RNA segment 2 (Ptra gene, corresponding to P3). After double-infection with these mutants and ts 90 or ts 93, which also carry a ts lesion in segment 2, plaques were formed at the non-permissive temperature (40 °C). These plaques cannot be passaged at 40 °C and exhibit a morphology which differs from those formed by the wild-type virus. The yield of infectious particles after doubleinfection shows a non-linear correlation between the plaque number and dilution, indicating that at least two particles are needed for infection of a cell. All experimental evidence points to an intracistronic complementation within the P3 protein.
INTRODUCTION
During our studies on ts mutants of fowl plague virus (FPV) 2 out of 25 mutants could not be assigned to any of the six recombination groups found with the other mutants. However, after double-infection of chick embryo cells with these two mutants (ts 18 and ts 236) and members of the recombination group III at 4 ° °C, plaques were formed which were significantly distinct from the wild-type plaques. Furthermore, these plaques could not be passaged at 40 °C, the non-permissive temperature. Therefore, it was not clear whether real recombination (reassortment) had occurred after double-infection with ts 18 or ts 236 and members of group III. An alternative interpretation would be that ts I8 and ts 236 would comprise their own group(s) (Scholtissek & Bowles, I975) .
In this communication it is shown that these two ts mutants have their ts defects in the same segment (segment 2) as have the mutants of group III. The results of an exact study on the formation of plaques under various conditions after double-infection with members of group III are in agreement with the idea that intracistronic complementation occurs with the gene products of the transport protein gene (Ptra, group Ill, Scholtissek, I978) .
METHODS
Virus strains, ts mutants and tissue culture. The following influenza A strains were used in these studies: fowl plague virus (A/FPV/Rostock/34, HavlNI) [in r967 a large plaque (KP-145) was isolated, which has been used for all further genetic studies]; virus N (A/ chick/Germany 'N'/49, Hav2Neq0; equi 2 (A/equine/Miami/I/63, Heq2Neq2); PR8 (A/PR/8/34, HoNI). The following ts mutants of FPV were investigated: ts 3 belongs to group I and has a ts lesion in the Pol I gene (segment I); ts 9o and ts 93 belong to group Ill and have a ts lesion in the Ptra gene (segment 2); ts I8 and ts 236 had not been assigned to any of the recombination groups or RNA segments (Scholtissek & Bowles, 1975 
* The 32P-labelled vRNA segments of FPV were hybridized with a surplus of non-labelled cRNA of the prototype influenza strains or the various independently isolated recombinants. The assignment of a particular RNA segment to FPV (F) or one of the other prototype strains was done according to Scholtissek et aL (I976) . t P, PP,8; N, virus N; E, equi 2.
Primary chick embryo cells prepared from I I day-old embryos were used either 24 or 48 h after seeding. Cells were infected from IO to 5o p.f.u./cell.
Recombination between ts mutants of FPV and other prototype influenza strains. Recombinants were obtained by double-infection of chick embryo cells at 4 ° °C with a ts mutant of FPV and another prototype influenza A strain as described by Scholtissek et al. (1976) . Each recombinant was purified by at least three consecutive plaque passages at the nonpermissive temperature. Thereafter, they were passaged in embryonated eggs in order to obtain stock allantoic fluids.
Determination of the gene constellation of recombinants. The gene constellation of recombinants was determined by molecular hybridization using 32P-labelled vRNA segments of FPV and a surplus of non-labelled cRNA isolated from microsomes obtained 5 h p.i. The procedures for labelling and isolation of the vRNA segments and for the preparation of cRNA have been described previously (Scholtissek et al. I976, 1978) .
Polyacrylamide gel electrophoresis. The polyacrylamide gel electrophoresis (PAGE) was performed on IO % slab gels in the presence of 4 M-urea according to Bosch et al. (I978) . The proteins were labelled by io/zCi 3~S-methionine (I"25 Ci/mmol; The Radiochemical Centre, Amersham, Bucks.) per culture for 2 h starting 5 h p.i.
Plaque and haemagglutination tests. These tests were performed according to well known procedures (Davenport et al. 196o ) .
RESULTS

Assignment of the ts lesion in the ts mutants 18 and 236 to segment 2 of FPV
The ts mutants t8 and 236 of FPV could not be assigned to any of the known recombination groups of FPV, since plaques were formed at the non-permissive temperature after double-infection with these mutants and any of the ts mutants of the other groups. The only hint that ts I8 and ts 236 might belong to recombination group IlI (lesion in vRNA segment 2) was the observation that after double-infection with members of this group, plaques were formed which had a different morphology compared with the wild-type, and could not be passaged at the non-permissive temperature (Scholtissek & Bowles, 1975 )-Therefore, recombinants were produced between these ts mutants and other prototype influenza strains Cells were incubated at 37 °C and labelled for z h with ssS-methionine starting at 5 h p.i. The gels were run in the presence of 4 M-urea for lz h at 50 V at z5 °C. Abbreviations: PI, P2 and P3, the three P proteins; NA, neuraminidase; NP, nucleoprotein; HAl and HAz, the cleavage products of the haemagglutinin; M, matrix protein; NS, non-structural protein.
by double-infection of chick embryo cells at 40 °C as described (Scholtissek et al. I976 ) . The assignment was done by molecular hybridization of labelled vRNA segments of FPV and non-labelled cRNA of the various prototype strains or the recombinants. The results are summarized in Table I , For comparison, recombinants obtained in parallel with a member of the recombination group III (ts 90) are included. It can be seen that in all recombinants at least segment z (Ptra gene) has been replaced by the corresponding prototype influenza strain used for rescue. In most of the recombinants another segment was replaced as well. However, with one recombinant of ts t8 and one of ts 236, only segment 2 was replaced. This is strong evidence that the ts lesions in ts I8 and ts 236 are located in segment 2, indicating that these mutants belong to recombination group III as does ts 9o. Some of the recombinants between equi 2 and ts I8 were analysed by PAGE. As can be seen in Fig. r , the P3 protein of equi 2 migrates differently when compared with FPV. In the recombinant I8/E4, in which only segment z is replaced by equi z (Table I) , the P3 Fig. 2 . Plaque morphology of (a) the wild-type FPV (KP-I45), (b) the yield after double-infection with ts 3 and ts 90 at 40 °C, (c) the yield after double-infection with ts 3 and ts 18 at 4o °C and (d) the yield after double-infection with ts 18 and ts 90 at 4o °C. The cells were stained 3 days p.i. and incubated at 4o °C.
protein migrates like that of equi 2. This indicates that the P3 protein is coded by segment 2 of FPV and is the Ptra gene product. Furthermore, it can be deduced from Fig. I that the HA in the recombinants is cleavable and therefore must be derived from FPV; also the NS protein is derived from FPV.
Plaque passage o f the yield during recombination between ts 9o, ts 93, ts 18 and ts 236 at 40 °C It has been previously mentioned that the atypical plaques obtained after double-infection of chick embryo cells at 4o °C with ts 9o and ts I8 or ts 236 could not be passaged at this temperature (Scholtissek & Bowles, 1975 )-This observation has now been studied quantitatively Normal complementation levels could not be determined according to the formula published by Sugiura et al. (I972) . The plaque yield after double-infection, e.g. with ts I8 and ts 90 at 40 °C and tested at 4o °C [AB 40] 4o is not due to recombination (reassortment) but to intracistronic complementation, since these plaques had a morphology different from wild-type (Fig. 2) and could not be passaged at 4o °C (Table 2) . Therefore, application of that formula would be not only meaningless but misleading.
In Table 2 data are summarized which indicate that plaques obtained after double-infection with ts 3 and ts 9 ° can be kept at 4o °C over many passages. The plaques are indistin- Table 3 )-In these cases the cultures with the highest number of clearly countable plaques were used for the calculation. If the yield of these recombination pairs was tested at 33 °C, about Io times more plaques were counted as listed in the Table for the 4o °C-test. Individual plaques of the 4o °C-yield were picked and dispersed in o'5 ~ serum albumin which was used for the plaque test at 4o °C. The yield of only one single plaque is listed, although several plaques were tested. In such cases where plaques were found again, individual plaques were picked and passaged. guishable from FPV wild-type plaques (KP-I45, Fig. 2 ). The plaques obtained after doubleinfection with ts 9o and ts I8 (Fig. 2) or ts 236, or between ts 18 and ts 236 exhibit a different morphology and they are lost after one or two passages at 4o °C. However, they can be passaged easily at 33 °C (not shown here) indicating that the yield is still temperaturesensitive. These experiments have been repeated eight times with essentially the same results. Cultures infected singly with the various ts mutants were analysed in parallel at 33 and 4o °C to measure the reversion rate.
Correlation between virus dilution and plaque yield3 at 40 °C of various recombination pairs
If the plaque formation after double-infection with ts 9 ° and ts mutants of the same recombination group, or between ts I8 and ts 236 at 4o °C is due to intracistronic complementation, then only cells infected with both ts mutants at the same time should give rise to a plaque. Therefore, a normal plaque test at 4o °C on the 4o °C-yield should follow twohit kinetics. In Table 3 data are presented from an experiment in which a plaque test was performed on the medium harvested at 8 h after double-infection with various ts mutants at 4o °C. The yield after double-infection with ts 3 and ts 18 is proportional to the dilution. After double-infection with ts mutants belonging to recombination group III, however, the plaque yield is no longer proportional to the dilution. These results which have been confirmed in about 2o independent experiments, indicate that in the former case a single infectious particle is able to induce a plaque, while in the latter case more than one particle is necessary for plaque formation.
Shift-up during plaque formation
If the production of a plaque at 40 °C is due to intracistronic complementation then the plaque should increase in size after a shift from 33 to 4o °C, although the yield of that plaque should consist only of ts mutants. Therefore, a plaque test on the 4o °C-yield of cells doubly infected with various ts mutants was started at 33 °C. Three days later the plaque size was marked on the tissue culture plate and the dishes were placed in an incubator at 4o °C for either one or two more days. For documentation, the cultures were stained with neutral red before the shift to 4o °C, and pictures were taken immediately before the shift, and I and 2 days later. Several of the plaques obtained after double-infection with ts 9o and ts I8 (Fig. 3) or ts 236 increased in size after a shift from 33 to 40 °C. The yield of these plaques, however, was still temperature-sensitive (not shown here). With ts 18 alone, occasionally a plaque increased in size after shift-up to 4o °C (about I out of IOO). These plaques contained revertants, which could be further passaged at 4 ° °C.
DISCUSSION
Two ts mutants of FPV which could not be assigned to one of the known recombination groups have now been found to belong to group III (Ptra gene) which corresponds to the P3-protein gene (Scholtissek, I978;  Fig. I ), having a ts lesion in segment 2 (Table I) III, e.g. ts 9o, and titration of the supernatant medium at 40 °C, plaques were found with a morphology distinct from wild-type plaques (Fig. 2) . These plaques could not be passaged at 4o °C and the plaque yield did not follow single-hit kinetics (Table 3 ). This indicates that at least two particles were needed to form a plaque. These observations are best explained by an intracistronic complementation. This means that the lesions in ts ~8, ts 236 and ts 9o are in the same gene. However, they are located at different sites on that gene so that the gene products of the mutants in question can complement each other. This implies that either the gene product of segment z might be present in the polymerase complex, which consists of the gene products of segments I, 2, 3 and 5 (Scholtissek et al. I976; Palese et al. I977) , in at least two copies, or that the P3 protein performs more than one function (possibly at different times after infection). Similar observations were made by K. Shimizu et al. and by S. Spring et al. (personal communications) using ts mutants of human H3Nz strains. They found that ts mutants belonging to the same recombination group were able to form plaques after double-infection at the non-permissive temperature. In this way, indication of intracistronic complementation was found within the genes coding for Pz, NP, NS and NA proteins.
